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Phase I Final Report

This report discusses the design and development of a combination

micro-stereoscope and binocular microscope as specified in contract

25X1D -hree objectives have been met in the design of this instrument.

l. FEase of manufacturing to assure reasonable cost.
‘ 2. High quality performance.
3. Ease of operation,

We believe that the design objectives have been accomplished and that
the addi‘tional‘features which we have added| will yield a high quality

system capable of performing all of the requirements. -
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DEFINITION OF TERMS USED IN THIS

7A002300090004:42 ge 1A

REPORT

Micro-stereoscope:

This term is used to indicate that the ins
the right and left optical paths at the sam

viewing a separate image and each eye vi

Binocular Microscope:

This term is used to indicate that only on
is being used, but that each eye is viewin
taneously. In this mode either the right g
used.

Co-ordinates:

Two co-ordinates are mentioned in this r

respectively.

X Co-ordinates indicates

Y Co -ordinates indicates

Xz 2" to 22"
Y:zO0" to 15"
CCNFIDENTIAL

Lrument is utilizing both
e time. KEach system

ewing its respective image.

¢ arm and one optical system
0 the same image simul-

r left optical system may be

eport, they are X and Y
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CONFIDENTIAL

- DEFINITION OF TERMS USED IN THIS REPORT

4, Image Rotation:

The term '"image rotation' is always meant to mean by optical
accomplishment and to the section of the optical path containing

the Pechan prism,

5. Arm:

When the term '"arm' appears, it refers to|the lower portion of the
microscope that contains the 1X objective and where the 2X and 4X
. objectives thread in. These arms pivot araund to give the desired

distances in the X and Y co-ordinates.

6. Working Distance:

This is the minimum distance between the léns objective and the
object plane. This distance is measured frém the maximum metal

protrusion and not from the vertex of the lens.
7. Object Size:

The term 'object size' defines the total size which the objective
will cover. This size will vary depending upon the objective and

. magnification range selected.

CONFIDENTIAL
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FIRST ORDER SYSTEM

Table I shows the object size, magnifications, and numerical

apertures for each objective throughout the|zoom range.

The original working distance of 2", for the 4X objective, has been
reduced to approximately .5'", by request of the technical representa-
tive. This reduced the total height of the instrument so that the user

can sit comfortably at the light table.

The schematic shown on Page & represents the optical system
' starting from the object plane.
1. Interchangeable 2X and 4X objectives.
2. lst surface mirror (may be replaced by a prism to

prlevent dust and dirt from entering the unit).

3. A fixed 1X objective (not removable from arm housing).
4. l1st surface mirror. )
5. lst surface mirror.
6. lst surface mirror.
7. Zoom system.
8. Ist surface mirror (this mirror lis uséd to switch to the
. phé)t_olgraphic mode).
CONFIDENTIAL
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The above portion is common to all modes df

When the visual mode is used, the optical ps

(from lst surface mirror No. 8 listed above).

9.
10.

11.

13.
14.

15.

When the photographic mode is used, the ligh
Ist surface mirror No.
16.
17.

18.

20.

Porro prism.

19.

CONFIDENTIAL

FIRST ORDER SYSTEM

Pechan prism.

Field lens.

7A002300090004-4 F28¢ 3

operation.

.th continues as follows

Switching prism cluster (this prism cluster is used to

change from the micro-stereoscop

e mode to the binocular

microscope mode, and in the binogular mode to either arm).

Plano glass plate (used to seal aga

Relay lens.,

Eyepieces, 10X wide field.

8 and continues as fo
Ist surface mirror:
lst surface mirror.
Camera lens.

lst'surface mirror

Camera film plane (Polaroid Film

CONFIDENTIAL

inst dust and dirt).

1t path is diverted at the

llows:;

pack adapter).
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MECHANICAL DESIGN

The mechanical mounting and overall dimensions shown on Page 0O

reflects the improvements made on the microsd ope.

The size has been reduced considerably from the original concept and

all operating knobs are placed in positions which will allow the operator

greater ease of operation than the original conc ept.

We have also incorporated an adjustable eyepiece assembly which can

be raised or lowered to suit the height of the operator.

Two independent zoom systems are utilized in this microscope which
can be operated independently or together: They can also be set for
the various magnification within the 4 : 1 ratio individually and then

operated together.

The dimensions shown on the outline drawing are what we believe we can

maintain, however, any departure from the dimensions shown will not be

to any great magnitude.

There are two principal modes of operation, the|binocular microscope

mode and the micro-stéereoscope mode.

. ‘ CONFIDENTIAL .
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MECHANICAL DESIGN

When the binocular mode is used the image canl be viewed through

either arm, but only through one arm at a time)|.

A selector knob (shown on the mechanical drawing Page \Q ) permits

the user to select the arm he wishes to view through.

This method was selected because it permits the user to switch from

the micro-stereoscope mode to the binocular mlode without changing

the positions of this unit or re-focussing.

‘ When using the unit as a micro-stereoscope, both arms are utilized,
each viewing a separate image and each having its own optical path

through to its respective eyepiece.

The arms can be moved in both X and Y co-ordinates without changing the

position of the unit with respect to the light table for both modes.

Also in each mode of operation, the image may |be rotated 360°. This

is achieved optically and each optical path has its own rotating system.

The total separation in the micro-stereoscope mode is from 2 to 22 inches

in the X direction and from 0 to 15 inches in the Y direction.

. CONFIDENTIAL
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MECHANICAL DESIGN

Co-ordinate directions are explained in the definition of terms on

Page | A .

Each of the arms carries a fixed 1X objective, mounted within the arm

housing. These objectives are not removable.

Two 2X objectives and two 4X objectives are supplied. These objectives
are threaded into the lower arm housing to achieve the desired magni-

fications. These objectives are removable.

' Two 10X wide field eyepieces are supplied with the unit, which are used

for both modes of operation.

Each eyepiece will conté,in its own eye guard tg shield stray light. The
eye guards can be rotated on the eyepiece to suif the comfort of the oper -~

ator.

The eyepiece assembly, which contains the eyepieces, has an adjustment

feature which allows the interpupilary distance to be varied between 54mm

to 78mm.

Provisions have been made in this design to incgrporate: a polaroid film

CONFIDENTIAL
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MECHANICAL DESIGN

pack holder, which can be used to photograph the image in either

mode,

In the binocular mode, the operator can selegt which optical path
he wishes to photograph through and adjust the selector knob

accordingly.

CONFIDENTIAL
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A. OBJECTIVES

For the objectives three alternatives were a
interchangeable objectives working at the in
could be used to form a nearly parfocal syst
be interchaﬁgeable with the objectives. Sin
from the zoom lens is the same for any obje
becomes exceedingly large. This in turn, o
and the arms themselves quite large. The s
to bring the collirx;xated light from the zoom
a field lens, and use interchangeable parfoc
tem such as this will be extremely small an
difficulty, however, arises from the fact tha

L

come very fast. The 4X objective, for insta

mately /1. 2. Itis extremely difficult to de
£/1. 2 objectives with long conjugate distance
expensive to manufacture them to the requir
changeable Z‘JX and 4X objective system deci
varying in working distance from three inche
inch. The main advantages are that no mirr
able and the 1X objective is used to reduce tkt
objectives. This, of course, will be rather

It also resembles the well known Lister mic1

lends itself to a known systematic design prg

finite conjugate position

ce the exit pupil position

nakes the mirrors large

system to a focus, insert

al relay systems.

d precisely parfocal. The .

sign diffraction limited

ed precision. The inter-

7A002300090004-4

Page ||

vailable. First, three

em. One mirror would
ctive, the 4X objective
econd solution would be

A sys-

t the relay objectives be-

nce, - would be approxi=-

s, and likewise extremely

ded upon is not parfocal,

>s to approximately 1/2

or must be interchange-
e size of the 2X and 4X
easily manufactured.

.

roscope objective and

ceedure,
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B. ZOOM SYSTEM

The zoom system was initially a strictly focal symmetrical type
five component optically c‘ompensated relay.| The basic first qrder
properties of this zoom system have been maintained throughout the
design. By replacing the dove prism with a new derotation prism
system, the need for collimated light was eliminated and one com-
‘ ponent of the zoom system was removed, permitting the light to
come to a focus. The image is transferred by the means of a relay
lens, Fo the eyepiece focal plané. Figure 2 jon Page 31 shows a
plot of the zoom magnification versus the drift in focus in numbers
of focal ranges. Also shown in the plot is the out of. focus condition
in focal ranges as a function of magnification|when the lens is two

.

focal ranges out of focus at the high magnification position.

. CONFIDENTIAL
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C. Relay

In addition to the size reduction, the use of

two additional distinct advantages.

7A002300090004-4

Page 13

a relay lens provides

One, the exit pupil position presented to thé eyepiece is strictly

constant. Itis a very desirable characteri

- of the eye in relation to the eyepiece is a cg

zoom magnification. The lack of fulfilling
vious when eyecups or headrests are used.

stop is placed at the relay lens, the conditi

pupil position is rigidly observed.

stic that the position
nstant for any given
this condition is ob-
Since an aperture

on of constant exit

The second advantage of the intermediate relay is that the aperture

stops can be an iris diaphragm, thus provid

down the system.

spatial frequency, very low contrast objects.

CONFIDENTIAL

This can be very desirab

ing the means to s top

le when viewing low

7\
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D. FIELD LENS

The field lens serves two purposes. First, it relays the exit
pupil of the zoom ‘system to the relay lens. Secvondly, itis a
hyperchromatic dpublet correcting for a small, residual lateral
color resulting from the zoom system. Since the crown and flint
‘ glass of this field lens are reversed from the normal positive
doublet, the resulting field curvature is conélderably less than

the singlet field lens alone.

CCNFIDENTIAL
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E. CAMERA LENS

The camera lens picks up the intermed-iate image forme.d by the
zoom lens_a.nd relays this image to the Polaroid Film pack adapter
at approximately 20X magnification. | :

This lens will be a short focal length lens and since the angular

coverage and aperture are both small, there will be no difficulty

in achieving a diffraction limited system.

CONFIDENTIAL
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IMAGE QUALITY

The first step in determining the performanc
ray trace the system and plot the conventiong
curves. Each of the curves plotted represen|
an ideal image point, as the ordinate plotted
the angle that the ray makes with phe optical
In actual practice the abscissa is the differer
and the chief ray (that ray which passes thro
Thus

trance pupil of the lens). A Tan U's

any particular object point.

In addition to the tangential or meridional ra
saggital or skew ray deviations are plotted a
Because of

angle made with the Y-Z plane.

Y -Z plane, only one-half of the saggital fan i

It can be shown that the slope of each curve
origin is a direct measure of the focal positi
These slopes thus re]

paraxial image plane.

and the difference between saggital and the t

CONFIDENTIAL
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e of the design is to

1H Tan U or rim ray

ts the deviation H from
against the tangent of
axis in the image plane.
1ce of tangents of the ray
ugh the center of the en-

0 for the chief ray from-

ys discussed above, the
s a function of their final
the symmetry about the

s traced.

through its respective
on deviation from the
present field curvature,

angential slopes at a

7A002300090004-4
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particular object point is a measure of astig

The symmetrical deviations of the curve frg

to the curve at the origin are a measure of ¢
ration. The assymetrical deviations from

measure of coma. - Thus a perfect lens woul

of straight lines with zero slope.

Since the ordinate is a direct measure of the
axial image plane, a fairly good prediction ¢
can be made by study of these plots. Of gre
apparent which aberrations are affecting im
the lens designer to determine what needs t¢
can be corrected with the present basic opti

to proceed.

Figure 3 shows the high contrast resolving j
the H Tan U plots. The Airy disk spot size

basis for determining diffraction effects.

7A002300090004-4 Page 17

matism.

m a straight line.tangent
ransverse spherical aber-
this same line are a

d be plotted as a family

> blur circle in the par-=
bf contrast and resolution
ater value is that it is
age quality. This enables

b» be corrected, whether it

cal configuration, and how

power as predicted from

criteria was used as a

Since the 1X objective balances some residupl aberrations of the

zoom system, and the 2X and 4X objectives
ration free, the image quality characteristic

for all three objectives. the axi

Therefore,

CONFIDENTIAL
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are essentially aber-
>s remain fairly constant

al and field performance
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variations will be discussed as a function o

f zoom position.

First, the axial image quality at the 4X zogm position is essentially

diffraction limited.

The spherical aberration is well corrected with

the only residual being slight spherochromatism and dominant second-

ary color. The result of the secondary color will be the usual purple

imaging of black objects with a surrounding

, yellowish-green haze.

This condition is eliminated in apochromatic systems and greatly

reduced in semi-apochromatic systems. . At the 2X zoom position

the axial spherical aberration is overcorrected.

will result in a loss of contrast at high freg

uencies, but not enough

of a loss to cause failure to meet the:5 linels per millimeter, per

power resolving powers specifications. Again the secondary chro-

matic aberration is dominant and will caus

targets.

e purple imaging of black

At the 1X zoom position the spherical aberration is again

corrected 'to a residual of nearly zero. The secondary chromatic

aberration is far larger than the residual s
There should be no problem imaging even {

contrast.

At the 4X zoom position the edge of the fiel

saggital spher.iqal aberration, slight coma,

CONFIDENTI1

pherical aberration.

d suffers from some

and astigmatism. The

AL
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astigmatism will cause some deterioration of the iﬁage quality.
Going to the 2X zoom position, the astigmatism and coma com-
pletely disaépear. The resulting image is as good at the edge of
the field as it is on axis. At the 1X zoom pasition, the coma re=
appears along with slight astigmatism. Agadin, the image quality

will deteriorate somewhat.

As previously explained, the lateral color is completely removed

by the hyperchromatic field lens.

The camera objective is essentially diffraction limited over its
entire field. Since the f/number is so large, there will be no
variations of aberrations due to the other palrt of the system, and
was thus evaluated with an unaberrated object. As can be seen by

the aberration plot, the image on film will be as good as that in

the eyepiece focal plane.

CONFIDENTIAL
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SUMMARY

The design submitted represents the original

the contract and the additional changes made

The addition of a Polaroid camera back and t

7A002300099004-44 |

intent of

D-

ne greater

coverage that can be obtained by the s‘eparaticn of the arms

and the tilting eyepiece assembly are three ofl the features

that were not part of the original contract.

We feel that this unit will: be extremely'_easy

" T
to operate 7
and can be manufactured in quantity with little or no difficulty. {

CONFIDENTIAL -
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25X1A CONSIDERATIONS IN THE EVALUATION OF :%;.-PHASE I REPORT

1. Is it technically feasible to ézgpect to achieve the goals set

out in the report with the system as pre ent;Ly designed?

2. What deisgn changes (approximas ._'lj,vvfha'{:‘l‘e,vel of cost involved)

would be necessary to increase the off axis performance especially at
the 1X Zoom position? What ificreva‘se; invpexfforms;nce gould be expected?
3. Most important, what is the best estimate ag to production costs

for the designed instrument in IQua,nti'ti"’ésﬂ;o_f :IOO Aimits?_ If redesign under

gquestion # 2 is appropriate whatr-'wb'u,.ld produgtlon costs of 100 units be?

'47A002300090004-4
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25X1A CONSIDERATIONS IN THE EVALUATION OF THE-PH

[ASE T REPORT

1. Is it technically feasible to expect to achieve the goals set

out in the report with the system as presently designed?

2. What deisgn changes (approximately what level of cost involved)

would be necessary to increase the off axis performance especially at

the 1X Zoom position? What increase in performance|could be expected?
3. Most important, what is the best estimate as to production costs

for the designed instrument in quantities of 100 units? If redesign under

question # 2 is appropriate what would production costs of 100 units be?

. ) i .
Approved For Release 2001/08/13 : CIA-RDP78BO474§7A00230009_0004-4

BRSPS W T e e e e




'~ CONFIDENTIAL
SONFIDENTIAT,

Micro-Stereoscope and
Binocular Microscope

- Design Phase I 14 NOV 1968




